Background Immigrant women in Sweden have lower levels of leisure time physical activity (LTPA) than Swedish-born women. The reasons are unclear, although acculturation has been suggested to play a role.
Introduction
Regular leisure time physical activity (LTPA) is associated with numerous physical and psychological benefits. For example, LTPA is associated with a decreased risk of myocardial infarction or coronary heart disease 1,2 and the metabolic syndrome. 3 Several studies have shown that minority women are more sedentary or less physically active during leisure time than women in the majority population. 4 -8 The difference in LTPA between women in different racial/ethnical groups persists even after adjustment for socioeconomic status. 9, 10 Thus, minority women may be exposed to an increased risk of chronic diseases unless they undertake regular physical activity through other means. It is, however, likely that the low levels of LTPA in minority women may contribute to disparities in health and increased costs in the health-care budget.
The possible causes behind the low levels of LTPA among minority women are relatively unknown. It is important to examine the possible factors that are associated with low levels of LTPA in order to plan for appropriate interventions and improve the health status among minority women. Many minority women are poorly integrated in the host country 11 and it is possible that their lack of integration could contribute to their low levels of LTPA.
One way to examine integration is to measure acculturation, which is described as changes in cultural patterns when groups of individuals from different cultures come into first-hand continuous contact. 12 Acculturation could be regarded as a complex, multidimensional process that takes place in the immigrant over time, either continuously or stepwise. 13, 14 Acculturation is partly related to individual behavior and it includes the process of social and cultural integration to the host country, 13 such as being employed and having good language and communicative skills. 15 The association between acculturation and LTPA is, however, ambiguous; most studies suggest a positive association, 8,16 -18 although others do not. 19 Most studies on the association between acculturation and LTPA have been conducted in the USA. To our knowledge, only one such Swedish study has been conducted previously. 17 Furthermore, few studies have been conducted on multiethnic populations making it difficult to ascertain whether the association between acculturation and LTPA might differ from one immigrant group to another. 17, 20 This is important to determine as interventions are often conducted in multiethnic populations. In 2008, 14% of the Swedish population was foreign born 21 and .150 countries were represented among the immigrants. Therefore, Sweden is a suitable country for studies on multiethnic populations. More knowledge will provide a better basis for tailored interventions in the future.
The aims of this study were to analyze the association between LTPA and two indicators of acculturation, i.e. language proficiency and age at the time of migration, in a multiethnic female population in Sweden, and to analyze if country of birth, season, age, self-rated health and body mass index (BMI) had a modifying effect on these hypothesized associations.
Materials and Methods

Study subjects
The study was based on a cross-sectional survey of female, multiethnic, immigrants conducted in 2002 -05. Each group of women (see below) comprised a simple random sample drawn from the local, Swedish government population registers in the municipalities of Stockholm and Botkyrka. These municipalities were chosen because of their high immigrant density. The random samples of women were first-generation immigrants, aged 18 -65 and born in Finland (n ¼ 1506), Chile (n ¼ 1168) or Iraq (n ¼ 1192). These countries were chosen because they represent large minority groups in Sweden stemming from different parts of the world, including one neighboring country where the inhabitants have a mother tongue unrelated to Swedish (no Finnish-born women with Swedish as their mother tongue were included in the study).
A total of 2031 women (53% response rate in average) answered the questionnaire. Non-respondents were approached by telephone in their native language and they responded to five questions. In most cases the reason for non-participation was refusal. There were no statistically significant differences between respondents and non-respondents in age, educational status, employment status, sick leave and self-rated health. 22 Eighty-six women (4.2%) were excluded from the analyses due to outlier values or missing data for weight, height or physical activity, resulting in 1945 women. Of these, 13% also had missing data on language proficiency and 2.1% had missing data on age at migration. Thus, 1651 women were included in the analyses. They represented 42.7% of the original sample. Eighty-three percent of the women with missing data on language proficiency were from Finland.
Written informed consent of the study subjects was obtained. The study was approved by the Regional Ethical Committee of Karolinska Institute, Stockholm.
Variables
Information on all variables, except season, was collected by a postal questionnaire.
Outcome variable LTPA was used as the outcome variable and was defined as physical activity, e.g. walking, swimming or aerobics, which was done in the study subject's spare time. Other types of physical activity, such as occupational or household-related physical activity, were not included. Self-reported LTPA was collected using the self-administered long format of the International Physical Activity Questionnaire (IPAQ long). 23 It was translated into the women's native language (Finnish, Spanish or Arabic). 22 All participants were also offered the questionnaire in Swedish. The self-reported minutes per week of walking and moderate and vigorous intensity of physical activity during leisure time was calculated. Only activities lasting !10 min were included. To avoid self-report bias in the form of over-reporting, truncation was set to 120 min per activity type per day. 22 The summed minutes of each type of activity were then weighted by a metabolic equivalent (MET). The used MET weights were 3.3 for walking, 4.0 for moderate intensity (e.g. bicycling or swimming at a regular pace or double tennis) and 8.0 for vigorous intensity (e.g. aerobics, running, fast bicycling or swimming). 24 The continuous score, MET-min/week, was then categorized into three approximately equally sized groups: (i) 0 MET-min/week, (ii) 1-599 MET-min/week and (iii) !600 MET-min/week.
Exposure variables
Language proficiency. Information about the participants' knowledge in Swedish was examined in five questions: (i) ability to understand news reports on the radio and television, (ii) speaking Swedish at meetings, (iii) communicating with authorities over the telephone, (iv) reading books in Swedish and (v) completing a written application for employment. The questions had four possible response alternatives, with 1 characterizing the lowest degree and 4 the highest degree of knowledge in Swedish. A Goodman -Kruskal gamma test showed at least a 90% positive association between the questions. Therefore, only one of the questions (i.e. ability to understand news reports on the radio and television) was chosen to characterize the women's knowledge in Swedish. Response alternatives 1 ( poor) and 2 (average) for this question were merged, due to relatively few individual responses for these alternatives, resulting in the following groups: poor, good and very good language proficiency. Poor language proficiency was used as reference group.
Age at migration. This variable was dichotomized as younger (0 -12 years) or older (13-65 years) at migration. Initial analyses showed similar effect for different subgroups within the category 13 -65 years and therefore we decided to use this broad categorization. Younger age at migration was used as the reference group.
Sociodemographic variables
The sociodemographic variables were chosen based on the past literature 8, 10 and established risk factors regarding physical inactivity. The groups noted as 0 were used as reference groups.
Country of birth was categorized as: (0) born in Chile, (1) born in Finland and (2) 
Statistical analysis
A partial proportional odds model was fitted to investigate the association between the three-level LTPA measure (0 MET-min/week, 1 -599 MET-min/week, !600 MET-min/ week) and different acculturation groups. The partial proportional odds model is an extended version of the binary logistic regression for an ordinal outcome variable and it relaxes the assumption of identical log-odds over all levels of the outcome. In the model, women performing no LTPA were compared with women performing low or high LTPA, and women performing no or low LTPA were compared with women performing high LTPA.
We constructed several different models in order to investigate our research question. Model A included only the exposure variable of interest (language proficiency (A1) and age at migration (A2)). Model B1 and B2 also included the sociodemographic variables, i.e. country of birth, season, age, self-rated health, BMI, educational level, employment status, financial resources, marital status and living with children. Model C included both exposure variables in the same model and in Model D the sociodemographic variables were added. Model E included the sociodemographic variables and an interaction term between each of the sociodemographic variables and the exposure variable of interest [language proficiency (E1) and age at migration (E2)]. The interaction between language proficiency and country of birth was statistically significant (P-value ,0.05), but no other interaction terms were significant. For the exposure variables in the models we calculated odds ratios (ORs) with 95% confidence intervals (95% CI).
The goodness of fit for the models was evaluated by comparing the likelihood value of the partial-proportional odds model with the likelihood obtained by fitting the same model with multinomial logistic regression, which fits maximum likelihood models for outcomes that have no natural ordering. A likelihood ratio test was then performed where a small value can be taken as evidence of a good fit. 25 Based on this test we found no reason to reject the models. The analyses were conducted in 2009 -10 and we used STATA version 11 for the analyses (Stata Corporation, College Station TX, 2003).
Results
The immigrant groups (here defined as a group of women born in the same country and now living in Sweden) were different regarding many of the sociodemographic variables ( Table 1 ). For example, the percentage of women with no LTPA was 40% among Chilean, 16% among Finnish and 54% among Iraqi women. The distribution of the Finnish women in the different LTPA categories corresponded to that of the native Swedish women (data not shown). Finnish women had in general higher language proficiency, were older at migration, had better self-rated health, better socioeconomic status and were to a lesser extent living with children, compared with the Chilean and Iraqi women. The Chilean women were the youngest at migration, but otherwise they were intermediate between Finnish and Iraqi women regarding the other sociodemographic variables.
In Models A1 and A2, we illustrate that increased language proficiency, or younger age at migration, was associated with increased LTPA among female, multiethnic, immigrants in Sweden (Tables 2 and 3 ). Comparing the unadjusted and the adjusted models showed that the sociodemographic variables included in Model B attenuated the association between language proficiency and LTPA, but the results remained conclusive in most cases. The adjustment had only a minor effect on the association between age at migration and LTPA (Tables 2 and 3 ). When including both language proficiency and age at migration in the same model (Model D), the ORs concerning language proficiency were almost the same compared with Models B1 and B2, but the OR concerning age at migration was no longer conclusive (OR ¼ 1.23, 95% CI ¼ 0.86 -1.77).
As the language proficiency increased from poor to very good, the odds of performing low or high LTPA (compared with no LTPA) was 2.31 times higher. On the other hand, the odds of performing high LTPA compared with low or no LTPA was only 1.79 times higher for the same increase in language proficiency (Tables 2 and 3) .
We observed an interaction between country of birth and language proficiency, but not between any other variables (Tables 4 and 5 ). That is, the strength of the association between language proficiency and LTPA was dependent on the women's country of birth. For example, the association between language proficiency and LTPA was stronger among Chilean women than among Iraqi women (Tables 4 and 5 ).
Furthermore, language proficiency did not have as strong association with LTPA among Finnish women increasing from no or low LTPA to high LTPA as among Chilean women with the same increase in language proficiency (Table 5) .
Discussion Main findings of this study
Acculturation is strongly associated with LTPA, as evidenced by the main findings of this study showing that an increase in language proficiency, or a younger age at migration, is associated with increased levels of LTPA among multiethnic immigrant women in Sweden. The level of LTPA among the immigrant women increased towards the level of LTPA among native Swedish women. Interestingly, as the language proficiency increased from poor to very good, the odds of performing low or high LTPA (compared with no LTPA) was higher than the odds of performing high LTPA compared with low or no LTPA for the same increase in language proficiency. Furthermore, language proficiency showed an interaction with country of birth and thus, increased language proficiency could have a greater impact on LTPA, and hence, by implication, health, in some immigrant groups.
What is already known on this topic
In earlier studies, the percentage of Mexican and Central or South American women with no LTPA ranged from 47 to 53%, 9,10 the percentage of Caucasians and Non-Hispanic white women with no LTPA ranged from 22 to 38% 9,10 and the percentage of first and second generation female immigrants from Turkey with no LTPA was 60%. 18 In the present study, the percentage of women with no LTPA was somewhat lower than in these studies. The reason for the difference in results could be that the studies by Crespo et al. 9 and Neighbors et al. 10 was conducted in the USA and that LTPA might be lower in the USA in general compared with Sweden. Moreover, earlier studies have shown an association between LTPA and preferred language at home, 16 cultural orientation towards the host country and social contact with native inhabitants. 18 However, studies examining the association between LTPA and length of residency in the host country have been inconsistent. 17, 19 The difference between our results and those of Yang et al. 19 could be due to the difference in number of study subjects: we examined 1651 women, whereas Yang et al. were only able to include 152 women. Furthermore, Wolin et al. 20 showed no modifying effect of race when examining the association between language preferences and LTPA in low-income multiethnic populations in the USA. This is in contrast to the results of the present study, where we found an interaction between country of birth and language proficiency. For example, the association between language proficiency and LTPA was stronger among Chilean women than among Iraqi women. 
What this study adds
To our knowledge, this is one of the first studies in Sweden and Europe to study the association between acculturation and LTPA. Earlier studies have mainly been conducted in the USA. 8, 9, 19, 20, 26 Furthermore, only two earlier studies on acculturation and LTPA have been conducted in a multiethnic, adult population, which is a shortcoming as interventions are often conducted in multiethnic populations. 17, 20 In the present study, we show that the strength of the association between language proficiency and LTPA is dependent on the women's country of birth, which is a novel contribution. 17, 20 Moreover, the present study adds support to earlier studies showing an association between acculturation and LTPA, 16 -18 and diminishes the negative results of an earlier, smaller study. 19 Our results indicate that poor language proficiency may lead to a poorer health profile in minority women, independently of a comprehensive set of sociodemographic characteristics.
Limitations of this study
The present study had some limitations: data on LTPA were based on self-reported physical activity, which includes a recall bias. Moreover, not all types of physical activity were taken into account in this study. For example, we did not take into account physical activity in other domains, such as active traveling and having a manual job, which may be common among some immigrant groups because of their relative socioeconomic disadvantage at the individual as well as at the community level. In addition, our study did not disentangle whether our findings are a consequence of isolation and low levels of LTPA within communities (group effects) or a direct consequence of lack of individual language skills. Further qualitative studies may help to uncover the most appropriate level (group or individual) for public health interventions. It is possible that the recall bias is weaker during leisure time than during the rest of the day due to more organized activities during leisure time. Besides, earlier studies have shown an association between low physical activity during leisure time and deteriorated health.
1 -3 A further limitation was the limited response rate and the missing values in some variables, which may have led to a non-response bias. However, imputing data using univariate multiple imputation (the ordered logistic method with five sets of simulated values) only had a minor effect on the results (data not shown). Furthermore, there is no defined cutoff between low and high LTPA and therefore we used The cross-sectional design of this study did not allow us to infer causality. However, a possible explanation to the results is that women with improved language proficiency, or younger age at migration, were able to navigate their new environment more easily and were in a better position to make use of leisure centers, or more prone to a changed life style behavior because of fewer perceived expectations from the family and the society regarding the duties of women. This has been demonstrated in an earlier study examining the reasons why non-English speaking migrant Muslim women do or do not attend English language classes. 27 In addition, Muslim women may perceive physical activity differently than women from Western countries. Berge et al. 28 studied physical activity behavior of Muslim women in the Emirates and found several perceived barriers to daily exercise. However, the association between acculturation and LTPA may also be explained by a possible differential reporting, i.e. the conception of leisure time, physical activity or language proficiency may differ between ethnic groups. It is also possible that residual confounding factors for the association between language proficiency or age at the time of migration and LTPA were not taken into account and that the positive association would be attenuated if these unknown confounders were included.
Conclusions and future research
Our results, like the results from other similar-sized studies, suggest that there is an association between acculturation and LTPA. We conclude that the strength of the association between acculturation and LTPA varies between different levels of LTPA as well as between different immigrant groups. The best way to examine acculturation is an area for future research as well as is the question on how to best increase the acculturation among immigrants. Also, it would be suitable to study the effect of the women's total healthpromoting physical activity in future research. Our conclusion is that increased language proficiency could be an important health-promoting factor among multiethnic, immigrant women in Sweden, especially among women with no LTPA. We suggest that future studies include a language class RCT in minority women with LTPA as an outcome. Such language classes may have positive individual as well as community effects. 
